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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain good 
characteristic in output value, output waveform and pit 
error rate as a magnetoresistive element and as a 
magnetoresistive sensor using this element, a 
magnetoresistance detecting system and a magnetic 
memory system, and also to obtain good characteristic 
in thermal reliability as well. 

SOLUTION: This element is one formed by laminating in 
the order a base layer 101, an NiFe layer 102, a non- 
magnetic layer 104, a fixed magnetic layer 106, an 
antiferromagnetic layer 107 and a protective layer 108 
on a base body 100. The layer 108 consists of a metallic 
layer or the film thickness of 2 nm or thicker to 7 nm or 
thinner. A metal used for the metallic layer which is used 
for the protective layer includes for example Ti, V, Cr, 
Co, Cu, Zn, Y, Zr, Nb, Mo, Tc, Ru, Rh, Pd, Ag, Hf, Ta, W, 
Re, Os, Ir, Pt or Au. 
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0 4 , E£i£ttJg 10 6. l 0 7 a VftSfi 
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h. Pd. Ag, Hf. Ta, W, Re, Os, I r , 
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SSS«aiSl±, 2nrafiZ±A»-0 7nmBT»RWO&g 
^ 6 ft 8 C t fr»K 4 1-5»fi«K3lft SR^F . 
Ufi*«2l M&ftfKHOftJKl*. Ti, V, Cr, 
Co. Cu, Zn. Y, Zr, Nb, Mo, T c , R 
u. Rh. Pd, Ag. H/. Ta. W. Re. Os. 

[»*«4] BttJB % #BteJ@, BttB&tfSigtttt 
W - 6 4 ft i c t »« t + 8 E££ft#&9!5* 0 

[is**5i s^is, #Bttg k ffitt«avga»a 

fbft 4 gfbfe 4 <0&£tofr bttbZk i 1- 8 

fcivfc&84, C0&a±{cStte>ftfciMfctt4flZi0 
<e 5 i 4 1: »» fc TS BfiCfi«tfit ftS? c 

D v fcJsa^mEKMSlxuKtiB 4gT8fMicatt 
[B*«8] ttttfl, IpHifl. ttttlKOKSBtt 

9 . 4*5*oiB^aHSJlXf4attJB4aM'8«ltS»t 
ft 4 « rff a* 6 <{ 8 * fcffa 4 i" 5 BSftft 



(2) #ffl¥ 10-313138 

2 

[;S#«9] ttSftSJioBflrtBtt, Sf, ALT 
iXliTaflftffc&TfcS. »*«3, 5, 6X11815 
«^BfflS«;»**i*. 

ismw 1 o i m&ssmitmt. s « , a i . 

IBWUl Jl&fEftsSBfl&JRrt:, Ta, Hf. Z 
r. W, Cr, Ti, Mo. Pi. N i , I r, Cu, 
Ag, Co, Zn, Ru, Re, Au, Os, Pd. N 

lffi*«l 2] B*±CT->-^K8. T**y?I 
-^KllW-VffcSivcfci^ ffif&B&ftft9ftX 

R£tfH&9UB£ Jvo *8 ->-^ Kfi0>B£j£ 

3 . 2. 3, 4. 5.6,7, 3, 9, 1 0*131 12 
«0BSttfta***T?fc5 1 k Sr»»41-8BMa»tt 

lffi*«i3l S#±fcT->->t' KB, T^t^Jg 

T«"ffisavBSffiB«fttta*« ; ?-w±tc±^+ 5/^* 

Si. 2, 3, 4, 5. 6.7,8,9,1 OXtfl 3 
S«OBS«»»*3l*l?*8di:*r«»t1-8WStS 

U8*«l 4 J *S*«1 2 Ml 3S£«OBSfitt» 
*-fc^*4. IOBSlSftaJWry*tril8«8feftC 

fcBSU^fclHS/***. 
40 [35*51 5) T-*!^Ofcfc<3S&(30h7y7 

^stes-ttafc^B^se^^^^At, ii*si4^ 

^S^th7>^^?&$-tf8fc^lia3t«S5Clfi^ai 

[0 0 0 1) 
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[0 0 0 2 ] 

[&S*S1lf] fcafcaffriLT. BSgft (MR) -fey 

ftgiW 1 £ft*ittft£|S) fc Srintfto ffi»1E«o* 

(AMR) aftllfi^^TBf^+d. AMR 55b 
»©J:9*U*aM. D. A, (Thomp 
son) m^2w JC "Memory, Storage, a 
nd Related Applications" I 
! EEE Trans, on Mag. MAG- 11, 
p. 103 9 (1 9 7 5) CftftaftTV^. AMR'3 

^7*9lH#i|5ffc LTF eMn, NiMn, = ?*7Mtt 
[0 0 0 3] SbtJfciEfctt, SSBS-t >*<oftftSS 

■fe>*-Ct*. «*ttHT-JNt**ifc lit«>MHi«8Q 
(0 0 0 4 ) ^ffl¥2-6 1 5 7 2*4Htfctt. SSteJg 

to ©ttfl^KWisai iz js o r £ d o bi^m r t, 
W/tWirLT, ±S&«l-tt«BttniS#fcJR&tf 

Ufcffiit, aVK3»BttJBtLTFeMna«aSTfca 

[0 0 0 5] 5 s 3 1 o^&«i:(j;, #E 

ttAJS*w*BS rtta bnrc »b««:oz)S 0 

<ofi*t»« 2 ooa^Bfb*-(Sira^*««>*e*;tt:f« ur 

XfllU ■fe^*traft«SW*R)ittJ|4i!t. MR-fe 



(3) fcflg^l 0-3 1 3 1 38 

4 

[0 0 0 6] ttl$^6 - 2 0 3 3 4 0 ^ftiCIl, £B 
tt&*»f»w»KSt^K*nt2o^BS*(D»IR 

tt*a^Bft#tt*0»Btt*«lc»UT*EIC«fcix 

[0 0 0 7] «"B82p7 - 2 6 2 5 2 9 S5 1 

B»fi/}HBttB/!B 2 ttttS/£BBttgattfifi*?r 
+6*K>/</u7-efc*r, #lc«lAaK2Btt»c 
C 0 Z r N b, CoZrMo, FeSiAl, FeS 
10" i , N i F eZ\tZti\ZC r , Mn ( Pi ( N i , C 
u,Ag.Al.Ti,Fe,Co. Znfcftj&DUttT 

[0 0 0 8] 5*±lc*«Htl€:^LTaatt*»0 

£*Btt:f*B0'M7*B#«rHx\ te#0fcBtt5WS 
<a&Btf3£Hc2 iL^i^C Hc2 <Hrt-fc^ 
aftSta^JK^t^, Sf3SR»Btt*^N i 0, C o 
0, f^O, Fe s O»,MnO. C rfl'>fc< fcfel 

R»»IB^*IH¥7 - 2 0 2 2 9 2^«tCM^Sn-C 
i*6 t *fc. MJfiOBWtMJftK^v^T. m&m 
BftWN i 0, N i « Col-, 0. Co0^6»«Ui 

5B5ff&3k*||»;, *?R¥6-2 1 4 8 3 7#£«fi 
tm#¥6-2 6 9 5 2 4^«(cM^Sii r X^5o * 
fc, iStaoB55ttttaj|WiI*V^T. iKl^ES««t£** s 
NiO, NUCo 1 .,0= (x = 0. 1-0. 9) % 

c 0 o*»6»fita*tt< t o 2a^f>tt^a»^ -cfc 

30 *)> I©jB*^»Ni©Co«z*H"SI!l^»WU. 
oa±T«>5Zitffai:1-5B«lfit^*R4S, «« 
¥7- 1 1 3 5 4#&«£BTx*itTV*5. Sfc, 
^B«*tt»ftRi;*5^'C > IISleKSBttflc^N i.O± 

Hrfcd^fctrWttitSBfittWttftB^ **ff¥7 
- 1 3 6 6 7 0*^«llCW^Sil-C^5 a 
[0 0 0 9] 

mm/m&§/mm/mm*M/. jLtt/sat 

tojSa«tS9*S^ rt» 2 0 0 < C^±t:<7)7^-;ui: 
He x-^BStfiSiSft? (MR ft) W£TLTV*fc # I 
Ktttf^OSHoSfftft^Eff Sr^5fc«)C, 2 0 0 

50 K«©ix^ hWfclB^^XTI>9, 
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[oo i ol *fc, »a*turftKfcfflv^fca^ m 

■dsfc-afc. tit. mm^kZtt* &K8*iSLT 

Bfi«fts»*i8iic 2 xmtmmt * r i <c * >k 

Lfc±T. fgJWS-lCfiftS, fit 

[0 0 12] 

*§|5^J:K:»*Sn6»aiBt. 2nm&±7nni&T 

OREO, Sfcte, Sffctt* ttfkftfcS/kft^iS 

[0 0 13] ftfftrl&aJBlCjR^feiMttAaffffiM 
*>ft»««CiMS£+«aft#«iS, ftMfcffii&Sa 

tf&s^gfkiat^Lfci^-c. urease 

8©BBHCft43B'i«**5?HE1"5, 

[ooi4] mm^&mfr, -ta\^m^mt 
K»3s*«aiais»zj9tvc. ttttciKKaasft 

Hex, ^CtftMR*, Jltf^Stt^a-WSB^Hc 
[0 0 15] fcEL. Kfttt^Sftftrt. 



(4) 0-3 1 3 1 3 3 

6 

^vT'^S!l^<DiHi^jRt^A1-6 1 tic J: 9 , S 

Oo 

Ji«i etc IBW<cffi«ttC*5V»Tt4ff&*tt«:ft 
bZ ctfX'ZZVXho* 
[0 0 17] 

[0 0 l 8 ] © l ^MStyftit 3J& l Jt 
2C tT'>-A K8 2 . T*t ? 7S 3 , BStt^jftftgR? 
6 *0±t¥+y7 , «s£*ftS7fc88 

*KUv*h (PR) X8*cJ;9/<^-WfcSii511: 
*s#v\ «S16fiv3B*iC*6rtPRXaiwJ:9arsSSi* 

? li»'<^ 7*8 4&trF««B SiSffiefcUB Six-C^ 

«8**vc^a, 

[0019102 Ott£gfii3»«-fe 5«11- 
30 JrMTi/-* MP 1 2 . T** * 1 3 * BStffiffiS* 
££^1 6£ft@$-£o e TV-^K8l 2ttB[»4* 

tstpRxauiiO/^-^ftS^iiat^v^ & 

1 6i±PRXaicJ;9ii»3te***»« 
jfiS^r^S] 4fttfT*H8i 5*sjS*aB3*iTH 

[0 0 2 0 ] [DlRrj^o^y^ T->-iUKJBi 
LTil, NiFe. CoZr, CoPefl. CoZrM 
40 o, CoZrl^b, CoZr, Co2rTa v CoH 
f , CoTa, CoTaHf. CoNbHf, Co2r 
Nb, CoHf Pd, CoTaZrNb, CoZrMo 

a*^*, *©uwrto. 3-1 o nmnfcmx'Eft-om 
>9#affl^r*'e*o, o. oi-o. 20^11121(1^ 

fl0ttffl*a*LV\ TSSSttTtt, Zr, Ta ( M 
50 HliO. 01-0. l0nrni<J:i\ «/V7^Jgil 
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CoCrPt, CoCr, CoPi, CoCrT 
a . FeMn, NIMn. IrMn, PtPdMn. R 
eMn, PtMn, CrMn, N i «SBft», 
N i Bf bfe t C o Bftftftfi**, N i mt% k F e K 
<Ufe*>g£lfc, N i Bft*/c oKftftZBR N i Sfi 

*rftsi&®B£ ltii. 7*$*, s 102 , mtr 

2ft*>ll3>. K?>f**-# 
ST^Tfc 9. 0. 0 0 5-0. 0 5„ma6!I 

02 , Sft:7*$ = *A % Bfcvy=»>. dT-f-V*>K 
70*-rt>«*«B^BT?&9* 0. 0 1-0. 2 

i Fe, CoZr, XilC oFeB, CoZrMo. C 
o Z r Nb, Co Z r, C oZ r Te , CoHf, Co 
Ta, C o T a H f , C o N b H f , CoZrNb. C 
oHf Pd. CoTaZrNb. CoZrMoNi* 

• i Fe m s u mu*xmm*m*zzk#x 
[0021] wnfe^^/wKSwcaftfiKjax^^^ 

BBflLUkft^y KfcB**fe*, BBSSfciSnrfc 

[0 0 2 2] EBWS^yKtt, 5#S0±tT»->- 
/u KB 8 2 , 85affift#)&§S? 4 5 ft 4 0 , ±S 

4, ^/Hl t ±W8HSBB4A>&/Ji5SI»'Ny Kt 
Sr»*fCtt5. C<0&, ±»S/--*KR8 1 ^TSIS 

-f *±lcBftfcffig£JML1-5 Z kX\ R-h7';^i: 
fiiSfcttSftatfT-**. -02BJ5**** Kfc*7-f 
maQIU B&eftlf±gB&ffBl.fc, 
[0 0 2 3] H4il*««co«aaft15ta*^feffl^fc 

0t*ta55tt5 0±tBS«fi:»»sB*4 5fttf*« 

BS40*r^/£t. iK«rBKaaWK*9 l±l?ffl!Bftft 
LTtt&fcfT-), tiaS£»fi«*9 lttEMBU K* 

T*>«£, XitttftiJtlBTjsWltTflWBB+S. I<D 

bwcj: o , tt£&&:5»&B?4 5 iiBs&saftKfts 1 



(5) mW-l 0-3 1 3 1 3 8 

8 

[ 0 0 2 4 ] IS) 5 7ilH 1 2 ti*BH£ffi3ft£ttffiA 

5*10 0±lc, TJSBlOl, £i7y-&ti- 
Jgl 0 2. ;nSi£Bl 0 4, MRx>/N^igi 0 5, 
GS&iSteS 10 6, 1 0 7 Rtr^as 1 0 8 

14, SfclOOJiC, TittSlO 1, »17y-«ttJ| 
10 10 2, »2 7y-fittfil0 3, M 
Rxy/v>^Jg 10 5, HS^ttJg 106, SJfitt^jg 
1 0 7&tf&f£Jg 1 0 S £N&*?a® L^tfiSTfcS. 0 
7(?)KW^^H S#i 0 0±U, TiftS l 0 
j , b J 7 y -<sttS 102, 104, B£ft 
&b 1 o 6 , E&etiS i o 7 mms 1 o 6 

1 OOJilC. TSHl 0 1 % Rl7y-»«Bl0 2, 
S2 7y-tttt«l 0 3, »«S110 4, is&a® 
10 6, EftSffifc 1 0 7Xaft^J@ 1 0 S&ltSft&S 

0 ±i:, T*£Jg 10 1, £»^Jg 10 7. BSS^B 
10 6, MRx^>a| 105. 104.fi 

1 7 y -bhsjh i o 2 arwsss i o s zm»M& it 
mmx'ha* mi o©eaft«t9**^i4, s*i o o 
±c rm ioi, s^E^jg io7, sasBisB i 

0 6, MR-^y^gi 0 5, #&feB 1 0 4 . »2 

7y-«ttB i 03, ^i7y-KttBi o 2Rxmm 

M 1 0 8 £H3&$® Lfc*£-e*>« ■ B 1 l OttSfiSt 
S#l 0 0±(C TlfeS 10 1, S^i?^ 
30 B10 7, ffli£MlEl0 6. *ttttBl0 4 k SI 7 
y -^ft^ 1 0 2 RLH^SS 1 0 8 &K&31B L^tSiS 

-Cfc5. ax 2oess«K3a»**i4, 5*1 0 0± 

TifiS 10 1, ESB&fi 10 7. BSSttfi 1 0 
6, ^Si£jgl 0 4, B2 7y-ttfeBl 0 3, B17 

y - Btt* 1 0 2 ftVBBB l 0 8 trlBKBB LfcBJS 

[0 0 2 5 ] Ti&Bitm 2ffl^l>.^&J5, S*» 
IC(±, Ta.Hf,Zr.W % Cr,Ti,Mo.P 
t, Ni, Ir, C u , Ag. Co. Zn, Ru, R 

40 h, Re, AU, Os, Pd, Nfc. V^^b^o^S 
H*rffl^5/W^ 0. 2-6. OnmOTa, 0. 
2-1. 5 nmOH f , 3^(10. 2-2. SnmOZr 
fcffl^S. Bi7y-WtB4tflB2 7!>-B<SBi:t 
Til, NiFo. CoFe, NiFeCo, FgCo, 
CoFeB. CoZrMo, Co2rNb, CoZr, 
CoZrTa. Co Hf, C o T a , CoTaHf, C 
oNbHf, CoZrNb, CoHfPd, CoTaZ 
rNb, Co Z rMoN i ^ftX(47*^7 7 *5££$t 
f*€rffV»5iti«-C#5. KJ9I41-1 0 nmM^ii 

50 2^t<!4, 0. l-5nma«^BSTfc 
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5. #JS£@£ LTitCu, Cui:i-20a t %SK 
C0AgS:*Jratt*m, Culll-2 0a t%Sff*)R 

5, KHtt2^4nmiiS$U>, MR 
LTtfCo, NiFeCo, FgCo5, JJItCoFe 
B, CoZrMo, CoZ rNb, Co2r. Co Z r 
Ta, CoHf , CoTi, CoTaHf, CoNbH 
fs CoZrNb, CoHfPd, CoTaZrNb, 
C o 2 t M c N i <&&JLtt7*fry r * WtfWtfl^ 
2), RffftO. 5-5nmf2ff^S*U\ MRs> 

(S»1-S fl LTI*. Co, Ni, Fe^ 

-*lc+5*/u-7*5^J.6JWfc -XrtffiBKfr 

8£ LTtt. FeMn, NiMn s IrMn.PcPd 
Mn. R cMn „ PtMn, CrMn> N i ■MM, F 

e&ft*. n i Stefcrfc c oltilsttaa**. n i Bft 

[0 0 2 6 ] LTlis Iftflsfc, fffttt, 

i. V, Cr, Co, Cu, Zn. Y, Zt, No, M 
o. Tc, Ru, Rh, Pd, Ag, Hf, Ta, W, 
Re, Os, Ir. P t &IM u 

irLTIi, Si. Al, TiXttTiOWM&tfaft 

f. Zr.W.Cr.Ti.Mo.Pt, Ni. 1 r, 
Cu, Ag. Co. Zn, Ru. Re, Aa, Os. P 
d. Nb, VRVYa»fe<s&W^aitfitfc*(»:Xttr 

[0 0 2 7] 

[0 0 2 8 ] 5*1 00lwj?$ 1. 1 mm^n-->// 
7 0 5 9#7*£ffi, 7*8 1 0 1C 3 . Onm^T 
a, 3B17J-MHI l 0 21-6. 0nnOMi«F« 
, a (a t% v */<y^lcJ:'J«R1-*K«^-yy h» 

t. ) . *BttJBl 0 4(C2. SnmOCu, MRx> 
'^*8l05C0. 4nmOCo. 0 Fe 4 o (a t 
%) , BSM&8 1 0 6IC2. 6 nm^N i al Fe 
19 (a t%) , £S^gl0 7C2 0nmOFe ;o M 
n 6 o (a t%) fcflnfc, K*ftteJ§KFeMn4:E^ 



(6) #88^10-313138 

10 

»Hex 5 2 0Oe, MRJtS. 2%#l$&*lfc. CO 

frofc 0 Hextt5 2 0Oei»62 8 0Oe 

i:ttTL JfcMRtfcliS. 2%a><b2. 8%l£(STL 
fc, MRit^>ttT«±CuJBi»«Jgi^*ifii^S*ST 

10 He xflXSTttF aMn§0§S{fci-J:M^"C& 

Op 

(0 0 2 9J S*l OOlCffS 1. imm^^--^ 
7 0 5 9^7 TJfc® 1 0 1 Id 3 . 0 n mCOT 

a, J517!)-aH48l 0 2*1 3. 0nm^Ni fll Fe 
.9 (a t%) b #«K4Bl 0 4IC2. 8 nmCOCu, M 
Rx>/^;*Jg 1 0 SCO. 4 nm^C o o«F e »« (a 
t %) v BSfiBtS 10 6 1-2. 8nm<DNi N ,Fe l9 

(a t%) , SMHtMl0 7{U|«Ott«f«:flV'fe. 

20 -Jfci-afcAfc, «K&(C3 X 1 0 " c 't o r rOft^ 
KJBfrfiLfc. *0»^*>ixfcS1W*:Bl 3G3P 

«t*Wajl£b6fti^«», MRitSWex?e<ft 
oT'^ol^W, MRtttfffi^Ofi, CugtflS 
ttS fc o JlB0*B*ift«UIfc J: 9 SEfb t fc r i fc Mft 
LTV*ft£#*.&*l5tf* He xOttTttfi&Sttga 

30 [0 0 3 0] *«noBft««Q»AX?«>a«Ht 

[0 0 3 1 1 05 OffifiECDjSSafi5ia*9R^^^^X, 
^10 0W$1. 1 ram03--y^7 0 5 9^7 
^5^. TWSI 0 1C3. 0 nm©Ta H 3f5 1 7 Jj - 
B^Sl 0 2iw8. OnmftN i e iFe l5 (a i %) , 
£4W£Jll0 4£2. 8nm?)Cu. MRxW^g 
10SC0. 4 nmOC o ao F g lo (a t%) , 
SB10 6C2. 6innOMi fl Je l9 (at%),£ 
ftfigftf 107{;20nmONi ^Mn«*S:fflV\ S3 
40 Bl 0 8l«rtBl4n£Bi 6C9i-S««>BW^Sir 
CftJWtWtW^fc. KttSttJlA^BftBaJlliKtl 

lO-'Torr OK2«PCJl*t^T t 2 7 0 C C, 

M@£'ffit7t, Z0 4f<DiSi»t4*fai4 7isBl 6 
ic? +. *S @ Icfci »ri M B i5s 7 » -flMtJBOH c 
(Oe) . 2*ja^MRtt: (%) . 3N8^Hex (O 

^CfeV^t. 7y-«tt8(7DHcrtl$IJ-£-C«)-o 
Jt e MRlfcii^^n©tfW-ist^Ttft*fiK»0±ft 
50 tfct*v^tfc. Bfl[^7 nm MS* St MR Mi 
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u 

HBli7 nm&T$W£?hZ>Zk&t>i»6 a He all 
i9s^2^m^±r-k^;tS?^S^^ia^fi.e>i^■C^i , }, Hex 

0 0 7y-lSWHc, MRitSr/He xOV^t 

[0 0 3 2] B5^«tf^ttSa«K»*iB^lCi3^X. 
gffl 0 QIC/9* 1 . 1 mm03-->;7 0 5 9 #7 
THH/Sl 0 liC 3. Onrr><DTa v fi 1 7 tf - 
6Stt® 1 0 2C8. 0 nm^N i „ F e lP ( & t %) , 
#B2t£Jgl 04(C2. SnmflCu, MR^>^>^® 

ttJB 1 0 6 (C 2 . 6nm<ONi 9( Fe l9 (a t%) % g 
Siffitife 10 7C2 0 nrn^N i ^Mns^ffi^, 1*S 
6 1 0 8 iCliB 1 7 CWl* 0» (RfflU 5 0 n 

j m) ^ffl^t. saa«ss^5)ia3&sstt«cs»»^ia 

To r r0SS*ttSV*T, 2 7 Ot, 5.B#R5^^toS 

[0 0 3 3] B5©«*OKiE«Ett»*#TPt*JV%T, 
£#I00iCj££l. lmmOa-->^7059^7 
T«Sl 0 1113. 0nm^Ta,Sl7'J- 
ffittf 10 2C8. OnmON i*rFe A o (a t %) . 

1 0 5 {CO. 4ntn^Co 9e F e « (a i%) , USES 
tt6 1 0 SIC 2. 6 nm^N i al Fe 19 (a t°/c) , K 
SfiBttSl O 7|C2 0nmON i *«Mn.,„£fflV\ t^ssS 
J8 1 0 8CI1E1 8£91-*ftRftS& (3nm) A 

(5 0nm) fc«8U§UBH*fl!V % fc. 

^{C-TofciblC, M(SIC2 X 10"*Tor rO«^ 
}c*J^t\ 2 7 0^. Sfl»BJ^*«a*M[tfc. ZCO^: 
* l B GkSS>5 5 a 1 a^t«J»g^ 

[0 0 3 4) H5 0fflSoKSCI6fiijai#S^^«V^T. 
.£#1 OQtCJS* t. Imm03-i>^7 0 5 9#7 
TJfeJ8l01lC3. Onm(75Ta ( 35 1 7 D - 
fi£teS 1 0 2 ICS. 0 nmON i al Fe l9 (at %) , 
#&<4il0 4lC2. 8nraOCu,MR*^^g 
10 5IC0. 4nm(0Co Je f e l0 (a t %) . 
ttg 1061:2. 6 nmCDN7 i ai F e > 9 (a t %) . g 
0 7IC2 O nmW i * 5 Mn s ^l\ ftgj 
JS1 0 8CliTa&S« (3nm) fcBl9lwTl"#A 
RftSli (5 0nm) kO»JB-JHBtr»^fc. Th* 



(7) ^§3^10-313138 
12 

fcfcfclCl, $Rg£2X 1 0"'To r rOHS^K*^ 
[0 0 3 5 ] B5effaaB£Stt»£*? lC*5V*t, 

S*1 0 0tC#$ 1. 1 mmCO = -^>^7 0 5 9^/7 
XSS, TttBl 0 1IC 3. 0 nm<Z>Ta , £l 7^- 
B£t£B 1 0 2 iC 8 . OnmONieiFcia (a t%) > 

10 10 5IC0. 4nm^Co«oFc , io (»tS),0S8 
ttBl 0 6IC2. 6nmON i n Fi lv (a t %) , £ 
&S*tt® 1. 0 7jc2 0nm<ON i 4 0 Mn fi ^|V\ ftsg 
Si 0 8U*TaftaB (3nm) t A 1 ©fc«3&g® 
(Xnm) fcfl3«JBZ*Ktrfl^fc, T a KSfftfN i 

JEfflB*t 2 X 1 0"*T o r r ©Kg*IC#l*T % 2 7 0 
r. S«B«)ffi«Ui«:BLfe. Al^JBB53!?^Stfc 

^Soai^SfrBZO^-t-, 7U-«tttJgOHcfiA 

10 0 3 6 ] BSO«dE«?B5SaBa:aiMI5^IC»^T. 
S»100ICS*1. lmmO3-=^7 0 5 9^7 
*Sffi, Tfc* 1 0 1C3. OnmOTa, ^17!)- 
1 0 2 ICS. 0 nm<ON i B1 F e l9 (a t %) , 
*ffi^Hl0 4C2. SnmOCu, MRx^yzg 
1 0 SCO. 4 nmGOCooftF * 1Q (a t%) . 
^®106IC2. 6nm^)Ni eiFen (a t%) , S 
30 ttttttB 1 0 7IC2 0 nm^N i * c Mnc*%ffiV\ »S 
S 1 0 8 iCiiT a (Xnm) t A 1 ffiftftftSS 

iMnBittl-WiCfli'-CAS,, S*»ftBS^B 

(C, fi£R«*i2 X 1 0"*To r r W«gflcSs^r, 2 
7 0t> 5»M«SM6B«rfiUfc. TaS^I?$r^^t 
i#oaWt«rlS2 ili*i- 0 7y-BH£§<0HcrtT 
a8©HStJ:6tiaff-e-C*ofc. MRtttt. Ta 
1^15**5, 0 nm^-Ctelaf-STfcSa*, 7. Onm^ 

Jt#^fct<fV^*L 4 2. 0nmy±T-;5l?-S(iiC 

[oo3 7] B5«)»aoB*fi*a:a»**(cM^T, 

SttlOOiC/T^l. 1 mm^3--y^7 0 5 9 #7 
^SS. T*S(C3. OnmOTa, % 1 7 U 

1 0 2 tC 8 . 0 n rn^ON i si F e a» (a t%) . #m 
1S10 4IC2. 8nmtf)Cu' v MR-^'/^|).0 5 
ICO. 4 nm^C odoF e ,* (a l%) . BSfttefil 
50 0 6 IC 2 . 6 n m^N i «i F e x9 
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Si 0 7K«*«*»fc»t*fc. ftSfll 08{ItfTa 
(£3§IS (3nm) fcffftKRSa (50nm) >^8J/g 
XJBKfcJfl^fc. TaBSM^N iMnJBS (ggi&te 

**fciifcs^*B 22115*+. ^-rnosasBsttS 

OS^fci, »SJB«rJBi^4»ofc**i:tt:SL'CHe 

[ 0 0 3 S ] IS 5 1 2 <&«&OK£ffiR»»3B* 
W3^T, R#l OOCJfS 1. 1 mm03-i>^ 
0 5 9#7*£#, T*S«-3. OnmOTa.SP 
!i-€£ftlg 1 0 2118. 0nmWNi«Fei9 (a i 
%) , #2 7 y 10 31-1. 0 n m«C o i«,F 

e io (a t%) t JHHSJBl 0 4112. 8 nm<DCu. 
MRxy/N>^g] 0 5IC0. 4nmOCoo«Fe 
l0 (a t%) , BfflBttJBl 0 6 1:2. 6nmWNi ei 
Fe.o (a t%} , S8H£ttJSl0 7H2 0nmONi 
4 «Mn M (a t%) $rfflt\ &gl§ 1 OSlCttTaftS 
fi (3nm) tn&R&ftS (5 0nm) cO«87j 

Oft±ig {aS-^a««fjlTMiN iMn/S v ID 9-1 2 
iD«*"CiiN i FeS) ta+Sii^fflv^fcS. E 

ist^-c. 2 7 or. SQmnWM&ilSLlIt* 
ft&Jlfc*WS«:B2 3li*+. i^tu0tMcO#frfc 

[0 0 3 9] cli6oBStS»a»5B^trV-/v 

/UKgi UTttW i F e, 7 LTfiT>i** 

+trfl^fc. £LTf*T a (3nm) 

/NiaaFeia (7nm) /CoooFeio (1. 0<n 
m) /Cu (2. 5nm) /Co«Feio Clnm) / 
N i *ftM n s* ( 2 0 n m) /ftSS. fcPRXECJ:!} 
lxi M m0*#Slc»ILTHv*fc. r<Z>e&£ft5S) 
H^«:StU^CoCr P t fcMoTWS 

/v KJBi L'TliN i F ft *flt*fc B ZOBSit«tt»*ir 
>*£(2 3 © J: 5 fcfi«:W4-*ffl(*>»y Kllj&OX&tf * 
CoCrTa^je^lCf- 

5 Aim. «Sii**r 77*1*0. 2 M m, B*i&*l-7 
y*<5ttl. 0 am, SE^ii^** ?7*tt0. 2 1pm 
fcLfc. «SStttt*0«tt^ft2. 5kOe^o, 



(3) tt&3?l 0-3 1 3 1 38 

14 

0 2 4 ttM® 2 6 IC/Ti-, <C jb\ 0 2 4 75£S 2 6 dfc 
ltS«ff#»^RaJB4©»CrtB2 7C*+ii9-efc 

[0 0 4 1 ] »tc, *8MI^5fiSSL«fita*S-T^ 
^TB2 0»*«tt»**>*fcBiBLfc. 
T^-^KSiLtrtFeTaN. T^+y^BiLT 

SflfcfifcfcJB^fc. Ta (3 n 

10 rn) /N i eaF e k a ( 7 n m) /C o 30 F e X o ( 1 . 0 
nm) /Cu (2. 5 nm) /C o aoF e iD (lnm) 
/Ni Afl Ma G * (2 0nm) /ftSfltf, PRXfiKLjC 

S»*?fi:-9S^J:?<:CoCr P t iMoT«« 
JBiSlSLfc. ±*+7^/Si: LTtfT/u*7-, _h>>- 
/w LTttN i F c fcffl^fc. 
vt*B3«)J:^4B*»t-(W!^y KCMXfttf* 
5W#7)0XU C o C r T a S^«aSE»ffi*±lC7 f - 

20 5/iin* 5£iM^+77ttG. 2am, afc^&^V 7 
Oftnu SS^Si^Y^y^O. 2 1 
fctfc, B£^«#Ofc«77tf:2. 5.kOeT-&S c 

(22 3 7^03 0^1-. ^fe, B2 8 71^03 0i^*s 
itft9CW*t*ai4:«WrtB2 7C*1-ii t >T-fo 

[0 0 4 2] »:lC*»«*rafflLTtlFKSKfc&ST-f 
nCV*. «^li3 2 tfy KO/<^7-f >"C»jSc4ii 

fc5/<^5-f Co »S3^h°-7t 
[0 0 4 3) 
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(92] **W^«fitt«SKa**^**^fcB«ft 

£->y Kfc*1-ttfcB?fcfi. 
{13 4] *ft«cff6Bn(fifi»X»^«;flt'fe<eKS 

[Si 9] *»«ic«5»fi«ta»**-T'«r#1-»fSB7? 

[SI 1] «flli«5Bt«»R»«**tr*i1lffBB 

[012] *«Wli«6»«tt»t»Sfe**«rS , fl»iBB 

[013] *«OBSftK»Jla5T-IC*3(t*, 
Btf)«SSC«rt"»aM*«ft#i"BST»>5. 
[1214] ^JBflicSaBftftKaXS^CfcHS. ft 

siatf>iiSic»+5*»tt*^i"BS"Cfc*. 

[Si 5] **WuffS*«ISfi3!i***Ji*srta, * 
■ Sf a««£^aa»»Sfc*+B*?*>3. 

[016] ***»i«a««ftR»*«*iJ:*5i+5, ft 
aB©fHRcJtt.fiat#ft«:*+BaTfc6. 
[01 7 J *«fllcffi5«^ftfit»**^»w^rtS. R 

[018] *5S*IC«5BS3C*»»ft*^lcisit*. S 
B*«BWI-»tS*»tte*1-B«-«o5. 

[Bl9] *B«fc«5««W»««*fc*S't*. * 
aiO«Hl-»1-6»»tt«r«-fBftTfc5 a 

[02 0] *B««C«5BSft»»»B^lwJsrt5. ft 

[02 1] *Kn»:ft&B&fiftfltjft3E-7'^»t5. ft 
ai^)S«CJtt*B»ttfe#+B«Tpfc6. 
[02 2] *»flc»5B«»St»»S^i^«tS, fi 



(9) #BB¥l 0-3 1 3 1 3 8 

16 

*Btt« wa«icSM-5B»ttfc«1-B«-CfeS. 

02 31 ^sEfljcftsBfiusfitams^iw^ws, a 
[B2 4] Bi©«aatta*ir>inci5rt5. s&s 

8t»»**©tt«^C«+*B4W*t:3H-BBT'fc5, 
[B2 5 ] B l «B«8fita»iryiMc*Jt+5. 

[132 6] Bi«B«SttflUMry+K:*iitS. 
«a***0**icC»i"5Sff»tt«r*tBBi?«)tt, 
10 (B 2 7 ] B 2 4 7iSB 2 6 &tWa 2 8 Th^M 3 0 dib- 
it*, K«M6*tftai8fc«J*C«:^+B*-C&5. 

[B2 8] B2«)BiWSfit»»if>*»-*5»t5, 
tft»*^«SBBC«:«+6»»ttt#-rB*-C*5, 

[B2 91 B2 0«Sfi»SCB*-t>*lciSttS, B&fi 
K»*B*OBIBi-tJrr*»»ttt:*tBS^fc6. 

LB3Q] B2<nB«»tt»*-fe>iM-i3tt5, BS16 
jSfflSS-T-OSW-UWI-aB^tt^StBft-Cfci, 

1.11 
20 2,12 Tf-^KS 

3, 1 3 yxurm 

4, 14 m/<<r7*fi 

5, 1 5 T«$fi 

6, i6 * 

8.18 ±*+.>7i 

9.19 ±->-^ Kg 

40 mm 

4 1 

30 4 2 BXttKMSfW 
4 4 5Sfth7y?fi 

4 5 ttS&ftftKB? 

5 0 Sffi 

6 4 W(*d>&<nSixtt# 
8 1 BZBfeSBBft 

8 2 7y-Btt8»flS 

8 3 ABSB5 

9 0 ^yK^7-f/- 

9 1. Bfi2»B# 
40 ICO 

1 0 1 TifiS 

102 £l7U-£ft® 

103 S2 7!J-BteB 
1 0 4 #BttJR 

105 MR^^^^S 

1 0 6 BSBttS 
1 0 7 EftBtig 
1 0 3 
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fSM (rm) — 


L. 0 


2. 0 


3. 0 


5. 0 


7. 0 


1 0. 0 
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Ti 
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fit* (nm) - 
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0 7. 


0 1 0. 
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